This paper presents the method and results of a survey of 27 of the 33 Australian universities teaching engineering education in late 2007, undertaken by The Natural Edge Project (hosted by Griffith University and the Australian National University) and supported by the National Framework for Energy Efficiency. This survey aimed to ascertain the extent of energy efficiency (EE) education, and to identify preferred methods to assist in increasing the extent to which EE education is embedded in engineering curriculum. In this paper the context for the survey is supported by a summary of the key results from a variety of surveys undertaken over the last decade internationally. The paper concludes that EE education across universities and engineering disciplines in Australia is currently highly variable and ad hoc. Based on the results of the survey, this paper highlights a number of preferred options to support educators to embed sustainability within engineering programs, and future opportunities for monitoring EE, within the context of engineering education for sustainable development (EESD).
Introduction
Engineers are increasingly being called upon to innovate in a range of new areas, including improving the energy efficiency (EE) of engineered systems, processes and products, along with developing and maintaining renewable and low greenhouse gas emissions energy generation technologies. The Intergovernmental Panel on Climate Change (IPCC) has been warning since 1988 that all nations need to stabilise their concentrations of carbon dioxide (CO 2 ) equivalent emissions, and that this will require significant global reductions in the order of 60 to 80 percent by 2050 [1] . However, the International Energy Agency (IEA) also forecasts that if policies remain similar to those currently in place, world energy demand is set to increase by over 50 percent between now and 2030 [2] . Although renewable and low-emission options are already available, energy demand must be reduced to facilitate a timely and cost effective transition. Clearly then, there is a need for commitment around the globe to both reduce greenhouse gas emissions from energy supplied and reduce energy demand [3, 4] . Such a commitment would involve the development of tailored sophisticated responses involving every country and across all engineering and design disciplines, addressing significant variations in national policies, natural endowments, levels of development and per capita emissions. Given the complexity of such solutions, a common theme for all countries would be a concerted education and curriculum renewal effort, particularly as activities in this area have considerable lag times before graduates begin making key decisions in their field.
More than a decade ago, the United Nations Environment Program (UNEP), Word Federation of Engineering Organisations (WFEO), World Business Council for Sustainable Development (WBCSD), and the École des Ponts Paris Tech (ENPC) [5] supported a key international conference on engineering education and training for sustainable development. One of the key outcomes of this conference was a collective realisation that engineering education has a critical role to play in equipping graduates with the knowledge and skills necessary to create the capacity within the engineering profession, to deliver solutions and underpin the global economy's future.
The United Nations has defined education for sustainable development (ESD) as encouraging 'changes in behaviour that will create a more sustainable future in terms of environmental integrity, economic viability, and a just society for present and future generations' [6] . According to the World Federation of Engineering Organisations (WFEO), for engineering this means playing, 'an important role in planning and building projects that preserve natural resources, are cost-efficient and support human and natural environments' [7] . Hence, effectively undertaken engineering education for sustainable development (EESD) is a broad area covering technical, social and economic aspects.
Although there is increasing research on ways to improve engineering education for the 21 st Century, there has not yet been a detailed assessment of the global state of EESD [8] . In the absence of such information, this paper begins by discussing a number of surveys that have been used to assess the progress of higher education institutions (HEIs) in EESD. In particular, it summarises the results of key surveys over the last two decades on the extent to which EESD is embedded in curriculum. The paper then presents the findings of a recent major survey in Australia undertaken by the authors, which contributes to the body of survey literature to-date in the subtopic example of energy efficiency (EE) education, which includes energy demand (i.e. reducing energy consumption), and energy supply (i.e. changing to low-carbon options). The authors note that EE is not considered to be a potential proxy or replacement indicator for sustainability content, rather it is an example of a new area of practice that needs to be rapidly integrated into engineering courses, in addition to topics like water and materials efficiency. Indeed, such topics can be included as ESD subtopics or instruments, but ESD is more than their individual contributions. Further to the Australian survey findings on the sub-topic of EE, the authors outline a number of options for improving EE content and monitoring, synthesising experiences of researchers attempting other curriculum renewal initiatives and from the authors' own experiences.
Global Context: a Lack of Information
A 2003 report by the US National Council for Science and the Environment noted that baseline information about the status of sustainability education and practice in any nation is largely absent [9] . A detailed review of EESD literature by Desha and Hargroves [10] found that this situation has remained largely unchanged. Despite growing calls for EESD, the paper concluded there has not yet been a comprehensive assessment of the extent of sustainability content included in engineering education globally, or an assessment of whether critical sustainability literacies have been incorporated into engineering curriculum. Assessments of sustainability within universities still tend to be at the campus operations level, [11] focusing on the generation of policy statements and the implementation of environmental management systems, rather than at the curriculum level for a particular discipline.
This lack of information is problematic in raising awareness about the need for curriculum renewal -where an early question is likely to be 'what is the extent of the problem and how do we know this?' -and in subsequently gaining funding and resources for curriculum renewal initiatives. The authors suggest three possible reasons for this lack of information gathering to-date, including: 1. Difficulty in assessing the extent to which sustainability knowledge and skills are embedded within the curriculum.
2. The time and resource intensive nature of conducting a global survey across the thousands of departments offering engineering degrees in many different languages.
3. Potential reluctance of professional organisations, accrediting bodies or the universities themselves to undertake the survey, due to possible planning, resourcing and accreditation implications of what might be found.
With these considerations, it is perhaps not surprising that there has not been a strong call from any one group for a comprehensive review, despite it being an important step in establishing what needs to be done to enable a global transition to EESD.
An Overview of Key Surveys on the State of EESD
Despite the lack of a comprehensive review of the state of EESD, a small number of surveys have been undertaken over the past decade that may be used as an indication of progress towards EESD, briefly highlighted in the following paragraphs.
In 1998, the World Engineering Partnership for Sustainable development (comprising WFEO, the International Federation of Consulting Engineers (FIDIC), and the International Union of Technical Associations (UATI)) circulated a questionnaire to national members of WFEO in an endeavour to provide an improved benchmark for engineering progress, concluding that, 'the survey does not indicate a strong or consistent approach to the environment and sustainable development in engineering education or that, on a country average, much more than 10 per cent of time in 10 per cent of courses is devoted to these aspects' [12] .
Between 2000 and 2002, the University of Surrey (UK) and the University of Melbourne (Australia) collaborated to undertake a survey of a sample of international engineering students on their level of knowledge and understanding of sustainable development, which as far as its authors were aware, was the first of its type [13] . The researchers suggested from the findings of 21 respondents from 40 invitees that the level of sustainable development knowledge was not satisfactory, and that significant knowledge gaps existed within the curriculum [14] .
In 2002, engineering educators at the Royal Melbourne Institute of Technology invited 21 Australian universities to participate in a survey in relation to the status of sustainability education in these institutions. Assessing responses received from approximately a quarter of these HEIs, the researchers concluded that, 'a handful of universities are engaged in this education for a wide range of their students, and in some universities more students of particular disciplines are gaining the exposure. However, there are clear barriers to the introduction and expansion of sustainability education' [15] .
Following the 2004 Declaration of Barcelona, in 2006 Chalmers University of Technology, Delft Technical University, and the Technical University of Catalonia, produced a report called The Observatory which assessed the status of EESD in European Higher Education, in collaboration with the Alliance for Global Sustainability [16] . The report benchmarked a sample of 51 European Universities who participated in providing survey data, against examples and statements from outside Europe. The 2006 report concluded that, 'to date, there is no European University that shows sufficient progress in EESD to be considered an inspiration' [17] .
In 2007, as part of the Forum for the Future's Engineers of the 21st Century Programme, two young engineers surveyed 499 young engineers (online) who had graduated 2 to 10 years ago with regard to sustainability literacy [18] . The surveyors suggested, based on the findings, that almost two thirds of past graduates had felt that sustainability was either important or very important to their job role today, however 40 percent of their university lecturers had inadequate knowledge of sustainability and only 30 percent had a positive to passionate attitude about the subject.
Between 2007 and 2008, the US Centre for Sustainable Engineering conducted a benchmarking survey on the extent of sustainable engineering education within 1,368 engineering departments (or the equivalent), with just over one fifth of the invited 364 American universities and colleges participating [19] . The researchers concluded that, 'the engineering education community is now at a critical juncture. To date, there has been a significant level of "grass-roots" activities but little structure or organization. The next step will be for engineering accreditation bodies to think critically about what should or should not be included in a curriculum into which sustainable engineering has been incorporated' [20] .
In 2008, a second survey was undertaken by The Observatory initiative [21] . Of the 57 universities participating in the 2008 survey, most had not participated in the 2006 survey, making it difficult to directly compare the results of the successive reports. However, the data did indicate that a growing number of institutions from European countries are actively engaged in sustainability activities.
2007 Australian Survey -Energy Efficiency Education
In 2007, the Australian National Framework for Energy Efficiency (NFEE) provided funding for the authors (members of The Natural Edge Project, hosted by Griffith University and the Australian National University) to undertake a survey on the state of education for EE in Australian engineering programs. The following paragraphs summarise the rationale, methodology and results of the survey, for which a full report (including the questionnaires) is available online [22] . Through this summary, the authors hope to demonstrate how the findings from an investigation of a subtopic such as EE within the complex field of sustainability can be used to engage with academia on the broader topic of EESD, and how the information obtained through such a survey can be useful in addressing barriers to EESD.
Survey Rationale
With the ongoing monitoring in Europe mentioned above, the relatively small amount of data in key reports concerning Australian engineering education over the last 2 decades [23, 24, 25] , and the increasing global dialogue about the importance of addressing energy demand and supply, the authors observed a need to investigate the extent of energy related education in Australia, in particular in energy generation, distribution and consumption.
Survey Aims and Terminology
The survey asked the question, 'What is the state of education for energy efficiency in Australian engineering education?' Its aims included validating literature review findings and experiences by the authors and peers, regarding EE curriculum gaps in Australian engineering education, and seeking feedback on preferred methods to embed knowledge and skills on EE into university engineering programs.
In the survey, the term 'department' refers to the level where engineering programs are coordinated, and to which lecturers belong (also referred to by universities as a faculty, or school); 'program' refers to the award that a student works towards, and which is made up of a certain number of approved courses (also referred to by universities as a 'course', or 'degree'); and 'course' refers to a unit of work undertaken, which is part of the overall 'program' of study (i.e. a proportion of a nominal full study year, also referred to by universities as a 'unit' or 'subject').
Survey Method
The project team selected a paper-based questionnaire consisting of two components (with ethics approval by Griffith University). The first was a 16 page Lecturer Questionnaire, comprising 4 open-ended and 36 closed questions with a completion time of approximately 30 minutes. This questionnaire was issued in hard copy and electronic format to the heads of department of all 33 Australian universities providing engineering undergraduate and/or post-graduate programs. It included an invitation for completion by every lecturer teaching energy related material within engineering education. Lecturers receiving the questionnaire were also invited to forward it to colleagues responsible for course/s covering energy related material who may also be interested in participating. This invitation was followed up by one or more phone calls by the project team to provide support, clarification, and encouragement to complete the survey.
The second component was a 2 page Student Questionnaire, comprising 1 open-ended and 9 closed questions with a completion time of approximately 5 minutes. This was provided to all lecturers who received the Lecturer Questionnaire, to distribute and collect in one or more of their classes where energy related material was taught. Lecturers were reassured through email and follow-up correspondence that student responses were not a requirement for their participation in the survey, and that reporting would not identify the individual institution, course, lecturer, or student, ensuring student and faculty anonymity.
Results of the two questionnaires were cross-checked for additional context and validity of interpretation through semi-structured telephone interviews with a subset of Australian academics who were experienced in engineering education for EE (these participants had already indicated their availability for comment through involvement in the CSIRO textbook project).
Survey Sample Characteristics
The strong response rate of 82 percent for the lecturer questionnaires gave the authors confidence that the survey had reached a representative sample of the target audience. Through the invitation process, 59 lecturers registered their interest in the study (i.e. providing name and contact details to receive the questionnaire), as shown in Table 1 . Forty-four lecturers from 27 of the 33 universities offering engineering programs completed and returned questionnaires for one or more of their courses, totalling 48 courses, including universities in every state and territory of Australia, spanning small to large engineering departments and programs. Such a high level of participation may have been due to several factors, including the topical nature of the survey having broad interest among engineering department faculty, personal contact with by the project team, and assurance of the anonymity of results. Student questionnaire responses were obtained from 18 courses, comprising 260 students across 8 universities in states and territories, except the Northern Territory and the ACT, as shown in Table 2 . The authors suggest that the response rate (i.e. 18 data sets obtained from the 48 courses for which a lecturer response was received) is suitable to provide an indicative measure of the perceptions of engineering undergraduate and postgraduate students with regard to EE education in Australia. Student response data is summarised in Table 3 below, where two thirds (67 percent) of undergraduate respondents were in their final two years of undergraduate studies (i.e. 3rd or 4th year). Most postgraduate responses were from students in their first 2 years of study. While this survey does not claim to cover every course teaching energy related material to engineers in Australia, or to represent the views of every lecturer teaching such content or the views of their universities, the authors are confident that the findings adequately represent the general composition of such courses and lecturer perspectives in Australia. The analysis did not include in-depth statistical computations, due to the indicative (rather than comprehensive) and qualitative nature of the study. Hence, descriptive terms such as 'more than half' and 'approximately' are used to summarise the findings. Actual percentages for all responses are available from the full report online.
Survey Key Findings
It was concluded from the survey findings that the state of education for EE in Australian engineering education is currently highly variable and ad hoc across universities and engineering disciplines, as highlighted by the following key findings:
1) Location of Content in Engineering Programs
The survey results suggest that EE education is not embedded across all engineering disciplines and that there is confusion over where and what EE knowledge and skills should be taught. In particular:
-Nearly two thirds (65 percent) of the lecturers surveyed thought that students enrolling in their course expected to learn about energy efficiency issues and solutions, however, students across all disciplines do not appear to be clear on where in their degree program, or how much, EE content should be taught. -Mechanical and electrical engineering students appear more likely to be taught EE content, followed by environmental, civil, and chemical engineering students. -EE education in any course appears to be driven by the individual interests and research pursuits of the lecturers involved rather than formal strategic integration. EE appears to be mostly taught as part of a broader content area to second and third year undergraduate students, with more targeted EE topics in fourth year undergraduate, and postgraduate studies. For more than half of the surveyed courses (55 percent 
2) Level of Integration of Topical Issues in Energy Efficiency
The level of integration of topical EE issues into courses appears to be very low. Nearly half (44 percent) of the lecturers surveyed did not think that their course taught 'general design theory' associated with energy efficiency, for example including concepts such as embedded energy, cradle to cradle philosophy, resource productivity, life cycle assessment, and demand side management. More than a quarter (29 percent) of lecturers considered energy efficiency to be only a minor component of the course (i.e. comprising less than 5 percent of the curriculum).
Even mainstream contextual topics such as 'carbon dioxide and other greenhouse gas emissions from energy generation' and 'the link between greenhouse gas emissions and global temperature change' were only covered in detail by up to a third of those courses surveyed (33 and 23 percent respectively), and mentioned by less than half (38 and 42 percent respectively). The survey suggests that students across undergraduate and postgraduate levels think they understand the terms 'sustainable development' and 'energy efficiency' very well, and their responses suggest that they are making some connection to issues in the media. However, students appear to have a low to moderate appreciation of how 'energy efficiency' might be directly related to their future careers.
Two areas of content that were highlighted by the lecturers' survey as being taught in detail and highlighted in the student surveys as being understood well include 'Efficiency, resource efficiency and energy efficiency' and 'Energy generation and transmission losses'. However, despite the students' perception of how well they understood the term 'energy efficiency' and the extent of such education, the data suggests that most did not have an in-depth understanding of the particular principles and theory investigated in the survey questions.
3) Level of Student Exposure to Energy Efficiency Content
Together with results regarding content coverage, the survey indicated a substantial shortfall in the inclusion of EE theory, knowledge, application and assessment in Australian engineering education. While lecturers appear to be engaging with EE knowledge/information, there appears to be a low level of student exposure to theory. In particular, the extent to which EE concepts and principles are included in courses appears to be low to very low. The three areas of content highlighted by the survey as not being taught in detail and not understood by students include:
'Product Stewardship and Responsibility', 'Decoupling energy utility profits from kilowatt-hours sold' and 'Incremental Efficiency versus Whole System Design'.
Student exposure to applying EE principles and theory and information/knowledge to worked examples appears to be low to moderate with many courses that include some EE content in their courses not including related reading resources for students. Quite a number of courses do not use case studies and if used, they do not tend to go beyond the traditional sectors of industry and energy utilities as indicated in Table 4 . Table 4 . Percentage of surveyed courses with case studies on particular topics
Type of Energy Efficiency Case Studies Included -By Sector Percentage of Courses
Opportunities in the industry sector 55%
Gains in the energy utilities sector 45%
Gains in the transportation sector 34%
Gains in the built environment sector 31%
Type of Energy Efficiency Case Studies Included -By Technology Percentage of Courses
Opportunities in motor systems 31%
Energy efficiency gains in boilers 31%
Energy efficiency gains in HVAC systems 27%
Energy efficiency gains in lighting 27%
Energy efficiency gains in appliances and equipment 25%
4) Perceived Barriers to Curriculum Renewal
The survey identified two particular barriers to curriculum renewal for EE education. Nearly two thirds (58 percent) of the lecturers surveyed considered 'The potential for course content overload' to be a challenge for curriculum renewal to integrate more EE knowledge and skills and more than half considered 'Having insufficient time to prepare new materials' (i.e. not enough time to modify course notes, lectures, course outlines, assessment etc) to be a challenge. In contrast, less than a quarter (23 percent) of lecturers surveyed considered 'Insufficient resources to include the materials (i.e. not enough funding to spend time or employ someone to renew the course)' to be a challenge, and only 13 percent considered 'Lack of support regarding curriculum renewal by University/ colleagues' to be a barrier, with one respondent noting, "Some Faculty staff may resist but most see need". Additional comments provided by respondents indicates that some lecturers do not appear to be aware of content that is beyond 'introductory', with one respondent noting, "One issue with this material is possibly low technical content; the 'fit' in highly technical subjects can be difficult when discussing some more general concepts". Respondents' comments also indicate that EE content is perceived as adding to the course content, rather than being a way to refine or consolidate existing course content.
5) Preferred Options for Improving the Extent of Energy Efficiency in Engineering Education
Of those courses where lecturers said more could be done, Table 5 summarises the responses with regards to which resources could assist in including EE Education. Lecturers were keen to receive assistance through accessing case studies on EE examples in engineering (i.e. worked reallife examples that show how the theory and knowledge is applied), accessing lists of good quality material (for example audio-visual materials, text books and other references), and accessing customised sets of readings for engineers generally. Lecturers surveyed did not appear keen to receive professional development (i.e. additional training) on EE, perhaps due to already demanding work loads.
Table 5. Summary of responses with regard to which resources can assist EE education
Almost all of the lecturers (90 percent) wanting assistance with accessing content about EE preferred the resources to be available through open access, online learning modules. This is in stark contrast to restricted access sources (6 percent), or intensive short courses undertaken in person (13 percent) or remotely (10 percent).
Some lecturers indicated preference for third party endorsement of materials, but comments indicated that the reason and messaging of the endorsement needs to be clear. Nearly half of those surveyed (45 percent) thought that endorsement by a third party would increase the likelihood of the use of content developed on energy efficiency. Of these, the majority (81 percent) thought that endorsement by the Institution of Engineers Australia would increase the likelihood that the material is used, and nearly half (44 percent) thought that third party endorsement by the Australian Federal Government would assist. Nearly a third (31 percent) thought that endorsement by other respected Australian universities would increase the likelihood that the material is used.
Relevance of the Survey Findings
These survey findings contribute to a growing global understanding of the current state of education in this sustainability topic. This could be further improved by repeating the survey at intervals of, for example, 3-5 years, in Australia and elsewhere, and comparing the results. Such ongoing monitoring and evaluation would provide valuable information as to the state of EE
Resources that could be used to assist EE education Percentage Agreement
A set of case studies on energy efficiency examples in engineering 77%
List of related documentaries/TV episodes etc. and their sources 55%
A list of key energy efficiency textbooks and references for engineers 55%
A customised set of readings on energy efficiency for engineers generally 48%
Lecture notes on key energy efficiency issues and solutions for engineers 45%
A set of mini-lectures (i.e. lecture guides and study materials) on various energy efficiency topics 39%
Special guest/ expert lectures on energy efficiency 42%
Lecture notes on energy efficiency opportunities, specifically by technology 39%
A customised set of readings on energy efficiency, relevant to engineering discipline/s 32% Lecture notes on energy efficiency opportunities, specifically by sector 29%
education, which could in turn inform realistic and targeted, measurable and time-bound objectives to support curriculum renewal in this regard. Based on such a standardised evaluation mechanism, additional surveys could also be undertaken in other areas of engineering education, such as water efficiency, renewable energy, and materials efficiency. A shorter EE survey could also be undertaken among a purposive sample of internationally renowned lecturers in engineering education for EE, to ascertain the extent of international leadership in this area. Results could be used as a resource to inform national capacity building policies, potential training opportunities in EE education, and program accreditation review. These survey findings are also immediately relevant for senior management in engineering departments, Australian professional organisations, and government departments considering future programs and funding allocations, as they provide an indication of the preferred options for increasing EE education. Reflecting on the survey findings, the authors propose that there are a number of options for improving the extent of energy efficiency education within the engineering curriculum, including: -Using the results of this survey, engineering departments could audit their degree programs (for example through a sustainability audit [26] ), to identify the most effective way to allocate resources for embedding EE content within the curriculum. -Content development could be funded to assist lecturers with incorporating two emerging important energy related areas of 'decoupling energy utility profits from kilowatt-hours sold' and 'product stewardship and responsibility', for which the survey found a lack of existing content. -Case study development could be funded to create realistic and well-formulated EE learning tools that lecturers can easily access and incorporate. -Awareness raising could be undertaken with regard to the availability of existing EE content.
This includes for example, the authors' freely available and online publication funded by the CSIRO Energy Transformed: Sustainable Energy Solutions for Climate Change Mitigation [27] , which was informed by this survey. -The authors are also developing a free and publically available strategic 'turnkey' (i.e. selfevident) document, funded by the National Framework for Energy Efficiency, to assist the curriculum renewal process for EE education, drawing on behaviour change tools developed by McKenzie-Mohr [28] .
Concluding Comments
Despite the growing calls for sustainability to be better integrated into engineering education for over two decades, and anecdotal information from students, teachers and future employers, there is a lack of data on the extent to which sustainability related knowledge and skills are present or absent in curriculum. This is problematic in raising awareness about the issue, and in gaining funding and resources for curriculum renewal initiatives. Despite a variety of existing challenges to obtaining such information, a number of smaller surveys have been undertaken over the last decade, which suggest a lack of sustainability knowledge and skills in engineering curriculum, and highlight leverage points to accelerate such education.
In the absence of a major international survey initiative on the state of EESD, the authors have proposed that there is the opportunity for researchers around the world to use sub-components of sustainability education -such as energy education -to obtain an indication about the extent to which sustainability is embedded within engineering education in their country. For example, EE is a very relevant issue in Australia and internationally, with relatively clear topic areas that can be monitored for inclusion in engineering curriculum.
The survey results highlight the need for access to content that covers EE theory, knowledge/information and application, catering for all engineering disciplines. The survey also highlights lecturer preferences for good content, practical and industry-relevant material, and access to problem based learning tools such as realistic and well-developed case studies on EE.
The authors hope that the survey methodology described in this paper will be of immediate use to researchers in other countries trying to assess the extent to which engineering curriculum embeds EE knowledge and skills, and to identify options for improvements. The authors also hope that the findings and considerations for moving forward may be of use to professional associations, accrediting bodies and departments around the world who are considering how to proceed with curriculum renewal in EE and other sustainability-related topic areas.
